Nesting in old cavities may be adaptive for birds as it may offer an advantage of earlier laying and higher fitness through more recruiting offspring. Black Woodpeckers frequently use old cavities, which gives the opportunity to test how this behavior affects the timing and the success of reproduction. In this paper, we have tested a prediction that excavating a new cavity causes a delay in breeding, and that it is linked to lower productivity. We found that in the Wielkopolski National Park (western Poland) Black Woodpeckers nested exclusively in European beeches, mainly in living trees, and most frequently in their old cavities. The median relative egg-laying date in old cavities was 5.5 days earlier than in new cavities. We did not find a difference in clutch size between old and new cavities due to its low variation in the population. The proportion of offspring surviving to the end of the nestling period was 0.812 in old cavities and 0.632 in new cavities, although this did not differ significantly. However, survivorship dropped rapidly in the hatching period, especially in new cavities. In Black Woodpecker, the number of fledglings that succeeded was best explained by a model including the age of the cavity and the relative laying date. The estimated parameters of the best ranked model revealed that the number of fledglings is affected by the age of the cavity as it was higher for old cavities than for new cavities. This study shows that nest reuse is adaptive for primary excavators as it offers time and energy savings needed for cavity excavation, and increases productivity, compared to those pairs of birds that are forced to excavate a new cavity. These data are consistent with the hypothesis that cavity excavation is energetically expensive and support the prediction of tradeoffs between nest building and different components of reproduction. Responsible forest management should consider the need to protect living beeches with old cavities, which are frequently used by Black Woodpeckers.
Introduction
During spring, individuals that reproduce earlier produce more surviving offspring than those that reproduce later (Perrins 1970) . However, the timing of breeding within the season may be constrained by the costs of nest construction (Moreno et al. 2008) . Nest building is an energetically expensive and time-consuming activity in most birds, which is why some bird species behave in ways that minimize nest building costs, e.g., breeding in old nests (Wiebe et al. 2007; Mainwaring and Hartley 2013; Pakkala et al. 2017) .
The investment in nest building can be particularly high for primary excavators, e.g., the Black Woodpecker, Dryocopus martius, which selects living trees as nest substrate for cavity excavation (Meyer and Meyer 2001; Zahner et al. 2012) . The time to complete the excavation process for this species can range from 2 weeks in softwood trees, e.g., poplars (Populus sp.) and willows (Salix sp.), to 5-6 years in hardwood trees, e.g., European beech Fagus sylvatica (Glutz von Blotzheim and Bauer 1980; Meyer and Meyer 2001) . The high energetic costs of nest excavation may be the reason why Black Woodpeckers reuse old cavities multiple times (Lang and Rost 1990a; Nilsson et al. 1991; Christensen 2006) . Previous studies suggest that this behavior may be adaptive for birds as it offers an advantage of earlier laying and higher fitness through more recruiting offspring. Life history theory predicts that if internal resources are limited and insufficient to pay all costs then the allocation to reproduction is shaped by physiological tradeoffs-an increment of internal resources allocated to one trait necessitates a decrement of resources allocated to another trait (Stearns 1992; Reid et al. 2000) . Since excavating a new cavity requires time and energy, it must be offset by decreased investment in subsequent competing reproductive stages. Wiebe et al. (2007) found, in facultative excavators, a general pattern of later laying date and lower clutches in freshly excavated cavities compared to reused cavities. However, this latter study omitted other traits of reproduction, e.g., number of fledglings-an important determinant of the number of recruits (Newton 1989) . Other studies suggest that the energetic costs of nest building may be carried over to the nestling phase or the second breeding attempt (Hauber 2002; Moreno et al. 2008; Mainwaring and Hartley 2016) . Wiebe et al. (2007) emphasized that there are surprisingly few studies that have reported on reproductive parameters for new versus old cavities.
In terms of reproduction, the Black Woodpecker is most likely the best-studied woodpecker in Europe (Pasinelli 2006; Paclik et al. 2009; van Manen 2012) . However, data describing the effect of cavity age on breeding success are quite scarce and inconclusive (Lang and Rost 1990a; Nilsson et al. 1991; Lange 1996; Rolstad et al. 2000) . The Black Woodpecker is the largest woodpecker of the Palearctic region (Winkler and Christie 2002) . As the major creator of large cavities, this species provides a critical resource for several large-and medium-size secondary cavity users (Lang and Rost 1990a; Johnsson et al. 1993; Lange 1993; Christensen 2004; Kosiński et al. 2010 Kosiński et al. , 2011 . The Black Woodpecker is listed in the Annex I of the European Union Birds Directive, and is the subject of special conservation measures concerning their habitat to ensure their survival and reproduction in their area of distribution. Thus, identifying different aspects of its breeding behavior is an important step in developing promising conservation strategies.
In this article, we examine the following: (1) is the timing of breeding delayed by the cost of cavity excavation, and (2) is the success of breeding higher in old than in new cavities? According to the cost of excavation model (Wiebe et al. 2007) , we predicted that breeding should be earlier, and that breeding success could be higher in pairs nesting in old cavities relative to those that are forced into excavating a new cavity.
Study area
The study was conducted in the Wielkopolski National Park (WNP; 7584 ha in size apart from the buffer zone), western Poland (52°16′N, 16°47′E). The landscape of the park is mainly flat, up to 132 m a.s.l., with several tunnel-valley lakes. The forests in WNP (61% of total area) are dominated by Scots pine, Pinus sylvestris (73% of forest area in 2001), which originates from the afforestation carried out at the turn of the nineteenth and twentieth centuries. The naturalization of tree stands was aimed at increasing the share of broad-leaved species, mainly pedunculate oak, Quercus robur, a strategy which has been continued since the 1960s (Bednorz 1997; Balcerkiewicz and Pawlak 2001) . The study was carried out on four study plots: Wypalanki, Wiry, Jeziory, and Puszczykowo, which encompassed 1638 ha of the forest. Study plots predominantly consisted of pinedominated stands (except in the Puszczykowo plot). Some 40% of the study plots were covered by deciduous forests, mainly pedunculate oak, where 79% of trees were older than 80 years. Beech stands covered 2.5% of the forest area.
Materials and methods
Data were collected in 2013-2015. In each study plot, we located all cavities excavated by Black Woodpeckers. We conducted a survey of cavities from the late autumn through the winter preceding the breeding season. To determine the presence of Black Woodpeckers and secondary cavity users, we checked all cavities from the ground using a pole-mounted video camera. Our system included a highresolution mini camera (BU-18 550TV), receiver/transmitter set (TXRX-2455), portable digital video recorder (PV-500LITE), lighting system, boom, and telescopic pole. The receiver/transmitter set allows video and audio transmissions to be conducted wirelessly from a camera to a handheld video recorder, where images can be viewed and recorded. The camera images allowed us to determine the clutch and brood size. The maximum height of the inspected nests was 18 m. Breeding cavities of Black Woodpeckers were checked 189 times (mean 5.7 times per cavity). In this way all the nesting attempts were checked every year. Most cavities (n = 24; 73%) were found during egg-laying. We checked cavities found with a full clutch around the anticipated hatching date and back-calculated the date of commencement of egg-laying. We assumed that the female laid one egg/day and that incubation lasted for 11 days (own unpublished data). The number of breeding pairs was estimated to range from nine to 11, in consecutive years, and the mean density of Black Woodpeckers in study plots was 0.63 pair/100 ha of forest area (range 0.39-1.54 pair/100 ha in study plots).
We grouped the cavity as "new" or "old" based on the freshness of excavation. Fresh cavities were made apparent by the presence of a newly chiseled entrance with a bright edge and a large amount of wood chips at the base of the tree. However, it is likely that new cavities were in fact initiated during the previous years as part of an long-term excavation strategy (Meyer and Meyer 2001; Zahner et al. 2012) .
Excavation usually begins with a cavity start or trial cavity that may not be finished the same year. Old cavities were indicated by a dark edge around the entrance and the lack of, or a small amount of, wood chips at the base of the tree.
We used four parameters to describe trees with cavities excavated by Black Woodpeckers: tree species, tree viability (living tree, dying tree, and dead tree), diameter at breast height, and the height of the cavity entrance above the ground (cavity height). To estimate the floor area and volume of each cavity, we used camera images. Freeze frames extracted from video images were calibrated based on the mean egg length of Black Woodpeckers [34 mm (Cramp and Simmons 1985) ]. Following this procedure, the two perpendicular diameters of the floor were measured to the nearest centimeter. Floor area was then calculated as an ellipse based on floor measurements. Estimations of cavity depth were based on the reference lengths (egg length) on the floor and their changes with different height planes of the cavity (this method was calibrated in the laboratory), and the distance from the bottom of the entrance hole to the floor of cavity. Cavity volume was estimated as cavity depth, multiplied by floor area. Since cavity dimensions change in time, we measured cavities for each breeding season. We used video images with a ruler placed at the end of the boom to measure the horizontal and vertical diameter of the cavity entrance.
Since most cavities were inhabited for more than 1 year, to exclude pseudoreplication in nest-site characteristics, we used each cavity tree only once in subsequent analyses, except to determine the internal dimension of cavities. We used relative laying dates to rule out the impacts of annual timing of breeding. We defined nest success in the traditional way, as the percentage of observed nests that were successful. We also estimated nest success based on the daily survival rate of nests using the Mayfield method (Mayfield 1975) , with error terms calculated from Johnson (1979) . To calculate the probability of nest survival, we assumed that the median length of the nesting period from the day of first egg-laying to the end of the nestling period was 44 days (own unpublished data).
We estimated the survival functions of offspring over time (from the day of egg-laying) in new and old cavities. The calculation was based on the Kaplan-Meier method and the difference between categories was tested with the log-rank χ 2 -statistic. To determine the potential effect of cavity age, volume, and floor area on the survival time of nesting period (Wiebe and Swift 2001) , we used the Cox proportional hazards model (Kleinbaum 1996) in the Survival package (Therneau 2017). Since floor area and cavity volume were strongly correlated (r = 0.69), and may have affected the result of multiple regression analysis (Dormann et al. 2013) , we constructed three models: a model including the cavity age (model 1), a model including the cavity age and cavity volume (model 2), and a model including the cavity age and floor area (model 3). To assess the global statistical significance of each model, we used a likelihoodratio (LR) test.
We used the generalized linear mixed effects model (GLMM) in the lme4 package (Bates et al. 2014) , to test the effects of relative laying date, cavity age, and year as fixed effects on the number of fledglings. We did not test the effect of explanatory variables on clutch size due to its low variation. In GLMM, we treated cavity identity as a random effect to control for a lack of independence of nest sites in different years (some cavities were used in more than 1 year). Since the random effect was inert (LR test, P > 0.05), it could be removed. In consequence, we ran linear models (LM) to test effects.
In the analysis of the effects of relative laying date, cavity age, and year on the number of fledglings, we used a set of eight candidate models: an intercept-only model (model 1), a model including the relative laying date (model 2), a model including the cavity age (model 3), a model including the year (model 4), a model including the relative laying date and cavity age (model 5), a model including the relative laying date and year (model 6), a model including the cavity age and year (model 7), and a model including all studied parameters (model 8). To perform a global validation of linear model assumptions, we used the gvlma package (Peña and Slate 2006) . If the global test of the model's assumption was not satisfied (P < 0.05), we used Cook's distance to find influential outliers in a set of predictor variables in the model (Cook and Weisberg 1982) . Influential points (n = 2) were removed from the analyses, after all the assumptions of each linear model were acceptable (P > 0.05). The relative support for each model was assessed using Akaike's information criterion corrected for small sample size (AICc). The subset of models with substantial support (ΔAICc < 2 compared to the best model) was selected, with their parameter estimates and SEs averaged (Burnham and Anderson 2002) using the MuMIn package (Bartoń 2015) . For all models, Akaike weights were calculated to provide a measure of the probability that a given model was the most strongly supported in the model set, with higher weights indicating better explanatory power.
Since nest site characteristics were normally distributed (Shapiro-Wilk test, P > 0.05) and had equal variances (Levene test, P > 0.05), a t-test was used to compare the means between trees with old and new cavities, and between internal dimensions of the two types of cavity. In other analyses, nonparametric tests were used. All analyses were carried out using R version 3.3.2 (R Development Core Team 2016). Values reported are means ± SD or medians ± interquartile range (IQR). All the employed tests were two-tailed.
Results

Nest site characteristics
In WNP, Black Woodpeckers bred exclusively in European beeches. Cavities were excavated mainly in living trees (94.5%; n = 21). Out of 33 breeding attempts, 27 (81.8%) took place in old (≥1 year) cavities. During the study period, two cavities were reused three times, seven were used twice, and 13 once. Among them there were 16 old and six new cavities. There were one, three, and two new excavations during the consecutive years of the study period. Breeding cavities were mainly located in close proximity to the unused cavities; four cavities (three old and one new) were at a distance of > 100 m from the nearest unused cavity. The mean diameter at breast height of cavity trees was 49.6 ± 12.4 cm (range 36.0-69.0; n = 22). The mean height of the nest entrance from the ground level was 12.4 ± 3.2 m (range 5.9-18.3; n = 22). There were no significant differences in the diameter at breast height, height of the cavity entrance from the ground level, and the cavity dimensions between old and new cavities (Table 1) . 
Timing of breeding
The earliest first-egg date in following years was 22 April 2013, 3 April 2014, and 1 April 2015. The latest commencement of egg-laying was 26 April, 6 May, and 13 May, respectively. Median laying dates in consecutive years were 22 April (IQR 22-24 April; n = 11), 7 April (IQR 3/4-9/10 April; n = 12), 11/12 April (IQR 6-13 April; n = 10), and they differed significantly between years (Kruskal-Wallis test H 2,33 = 17.91; P = 0.0001). In 2013, the breeding started markedly later, compared to other years (multiple comparisons of mean ranks for groups: 2013 vs. 2014-P < 0.001; 2013 vs. 2015-P < 0.01; 2014 vs. 2015-P = 1.0), as a result of the cold spring. The median of relative laying date in old cavities was 5.5 days earlier than in new cavities (Mann-Whitney U-test, Z = -2.23; P = 0.026; n 1 = 25 and n 2 = 6, respectively; replacement breeding attempts were excluded from the analysis) (Fig. 1 ).
Reproductive success
Mean clutch size was 4.0 ± 0.5 eggs (range 2-5; n = 33), with 88% of the nests (n = 29) containing four eggs. Other clutches contained two, three, and five (2×) eggs, respectively. In the first breeding attempt, the clutch size was 4.0 ± 0.5 eggs (n = 25) in old cavities and 3.8 ± 0.4 (n = 6) in new cavities; however, the sample size was too small and clutch size too invariable to test for the differences.
Of 131 eggs laid by Black Woodpeckers, 102 hatched (77.9%; n = 33). Excluding the brood that failed completely before hatching, the proportion of eggs that hatched reached 80.3% (127 eggs laid versus 102 hatched; n = 32). Hatching success varied from 0.82 in old cavities to 0.68 in new cavities but did not differ significantly (Mann-Whitney U-test; Z = 1.51; P = 0.111; n 1 = 27 and n 2 = 5, respectively). Hatching success was not correlated with clutch size (r = 0.2; P = 0.273; n = 32). The mean number of fledglings from all nests was 2.9 ± 1.1 eggs (n = 33). However, the mean number of fledglings from broods that did not fail completely was 3.1 ± 0.8 (n = 31). In first successful breeding attempts, the number of fledglings in old cavities was larger (3.2 ± 0.8 eggs; n = 24) than in new cavities (2.4 ± 0.5; n = 5), and the medians of the two samples differed significantly (Mann-Whitney U-test, Z = 2.27; P = 0.023).
The percentage of nests that fledged at least one chick was 93.9 (n = 33). Daily survival rate was 0.9986 (SE = 0.0010; 95% CI 0.9966-1.0000; 1436 nest-days without losses, 2 nest-days with losses), and nest success was 94.1% (95% CI 86.2-100.0) for 44 days. Of 33 breeding attempts, two were destroyed by unidentified predators-one brood was lost in a new cavity near the hatching period and the other in an old cavity during the nestling period. Partial losses were found in five cavities. A dead nestling was recorded in one cavity; in three nests, one nestling disappeared; in the other two nestlings disappeared; all except one of these losses were recorded in old cavities.
The proportion of nestlings surviving to the end of the nestling period was 0.812 in old cavities (SE = 0.040; 95% CI 0.738-0.894) and 0.632 (SE = 0.111; 95% CI 0.448-0.890) in new cavities; these proportions did not differ significantly (log-rank χ 2 = -1.59, P = 0.112; replacement breeding attempts and those that failed completely were excluded from the analysis). Survivorship stayed at the level 1 until the hatching period (days 14-18), then it dropped rapidly, especially in new cavities (Fig. 2) . The Cox proportional hazards models showed that age, cavity floor area, and volume did not affect the risk of death significantly. The hazard ratio (HR) in each model indicated that offspring in new cavities had a higher risk of death than offspring in old cavities, i.e., growing up in a new cavity increased the hazard by a factor of 2. However, because the confidence intervals (CI) for HR include 1, these results fail to be significant (Table 2) .
Only three models (models 5, 3 and 2) out of eight examining the effect of relative laying date, cavity age, and year on the number of fledglings were well supported by the data, as indicated by the ΔAICc value (Table 3 ). The parameters based on model averaging suggest that the number of 
Discussion
Age of parent Black Woodpeckers and duration of the pair-bond may be important determinants of reproduction parameters, especially if yearlings and new pairs tend to use new cavities. Pairs that have bred together for several years might have improved skills, such as coordination of incubation duties and foraging abilities, which might positively affect their reproductive performance. In Lesser Spotted Woodpeckers, Dryobates minor, old pairs start egg-laying earlier and raise more young than new pairs (Wiktander et al. 2001) . In Red-cockaded Woodpeckers, Picoides borealis, older females were found to lay eggs earlier and were more productive than inexperienced females, experienced females who change mates, and inbred birds (Schiegg et al. 2002) . We did not find significant differences between pair-bond duration (pairs of birds that bred together in a previous year vs. pairs of birds that bred together for the first time) in Black Woodpeckers and the number of new excavations (χ 2 -test with Yates correction; P > 0.05) in data reported by Hansen (1989) and Christensen (2006) . The high frequency of new excavations reported by Hansen (1989) was most likely affected by the high rates of old cavities being lost, for example usurped by Jackdaws Corvus monedula. Our analysis revealed no differences between nesting success (proportion of breeding attempts that were successful) in Black Woodpeckers in reused compared to freshly excavated cavities in data reported by Christensen (2006) (χ 2 -test with Yates correction; P > 0.05; replacement breeding attempts were excluded from the analysis); however, this author showed that when only new excavations were analyzed, pairs having bred together for the first time had significantly lower nesting success than that of pairs having bred together at least once. These data suggest that in Black Woodpeckers pair-bond duration may have additional independent effects on reproductive parameters in old and new cavities. Finally, Wiebe (2017) found that age, breeding experience, and mate retention had little influence on excavation rates in Northern Flickers Colaptes auratus.
In this study, our data show that during the time window for reproduction, egg-laying starts significantly earlier in old (Lange 1996) . Since, in WNP, Black Woodpeckers preferentially (82%) used old cavities rather than building new ones, it is likely that this behavior is adaptive for this species as it offers time and energy savings. Although the Black Woodpecker is a strong excavator, the excavation process in living beeches may require up to several years to finish a cavity (Glutz von Blotzheim and Bauer 1980; Lang and Rost 1990a; Lange 1996; Zahner et al. 2012) . The benefits of nest reuse, such as earlier laying and a higher chance of immediately initiating another breeding attempt if the previous one has not succeeded, most likely outweigh the potential costs associated with nesting in old cavities, such as increased ectoparasitism and rates of predation (Short 1979; Nilsson et al. 1991; Hauber 2002; Wiebe et al. 2007 ). However, Wiebe (2009) found relatively small effects of ectoparasites in reused cavities of Northern Flickers. Lange and Rost (1990a) found pronounced fidelity for years to particular beech trees with old cavities for breeding and roosting purposes. In another study, Lange (1996) found that 75% of the breeding attempts of Black Woodpeckers in beeches, the most frequently used tree by species in Thuringia (68%), occurred in old nests. These data suggest a low effect of parasites on the cost of nest reuse in Black Woodpeckers. Most of the broods in WNP were in old cavities; nesting success was high (0.94) and exceeded the average nesting success of 12 studies in Europe (0.79; range 0.55-0.96) (Paclik et al. 2009 ). Pine Marten Martes martes is considered to be one of the most potential predators of large cavity users (Nilsson et al. 1991; Rolstad et al. 2000; Zahner et al. 2017 ). Though we observed dens of Pine Martens in cavities excavated in beeches in close proximity to cavities of Black Woodpeckers (57 ± 30 m; range 23-87 m; n = 5), their influence on broods was probably small. Black Woodpeckers have effective strategies to defend their nests, e.g., guarding the nest during different periods of the nesting cycle (Paclik et al. 2009; Zahner et al. 2017 ). These factors suggest that the presumed risk of nest predation in Black Woodpeckers is not associated with old cavities.
Earlier studies have found that the excavation of a new cavity is most frequently motivated by the presence of water in old cavities, cavity usurpation by other species or due to the failure of breeding during the early stages of reproduction (Hansen 1989; Nilsson et al. 1991; Meyer and Meyer 2001; Christensen 2006) . Moreover, Lang and Rost (1990a) found that some of new cavities were never used for breeding shortly after their completion. However, studies conducted in the northern range of hemiboreal forests in Europe (Uppland, Sweden) indicate a lower frequency of breeding in old cavities than that of populations in Central Europe (Lang and Rost 1990a; Nilsson et al. 1991; Lange 1996; Christensen 2006) . Nilsson et al. (1991) suggested that Black Woodpeckers usually excavate a new breeding cavity each year to avoid predation. According to their results, breeding success in newly excavated cavities was larger (71%) than in old cavities (38%). High rates of predation in Black Woodpecker cavities in Uppland were probably partly associated with the distinctly lower height of nests above the ground (mean 7.2 m) than nests in Central Europe [e.g., 12.4 m in WNP (see also Kosiński et al. 2011)] . Results of a nest predation experiment in Sweden showed a low risk of predation for nests at > 9 m above ground level (Johnsson 1993) . However, Rolstad et al. (2000) reported that in the middle boreal zone in Scandinavia, Black Woodpeckers tend to strongly select dead trees and old cavities and reject Scots pine, despite there being no difference in nest predation rate.
It appears that excavation is an attractive alternative for Black Woodpeckers when nesting in an old cavity is riskier and the hardness of the wood of preferred trees is relatively low. Lower wood hardness of aspen (Janka hardness scale 1.650 N), the principal deciduous tree species providing nesting habitat for Black Woodpeckers in boreal and boreonemoral forests in Sweden (Nilsson et al. 1991; Rolstad et al. 2000) , may reduce time and energy costs of excavation of new cavities each year. The cost of excavation in beeches, the most frequently used tree species in Central and Western Europe, is much higher than in aspens as the wood is harder (6.460 N; http://www.wood-datab ase.com/). Thus, it can be argued that the causes and consequences of cavity reuse vary according to local conditions as a result of different risks of predation, life span of cavities, and the cost of excavation in different tree species (Rolstad et al. 2000; Wiebe et al. 2007) .
In this study, we did not observe a seasonal decline in clutch size. This observation might be due to the low variation in clutch size and the low number of replacement clutches. Similar to earlier studies, we did not find any significant differences between the size of clutches in old and new cavities. Wiebe et al. (2007) found declining clutch sizes in new cavities in comparison to old cavities in nine out of 14 woodpecker populations; however, this was statistically significant only within one species, the Red-naped Sapsucker Sphyrapicus nuchalis. Moreover, clutches of Northern Flickers were also found to be slightly smaller in new excavations than in reused cavities (Wiebe 2014) . These results suggest that clutch size is not affected by the energy cost of cavity excavation. Although a number of studies have focused on reproductive success in Black Woodpeckers, studies on variation in clutch size are scarce. To our knowledge, only one study has explored the effect of age of cavity on the number of eggs. Nilsson et al. (1991) found that in Central Sweden, clutch size does not differ between old and new cavities. Studies based on experimentally manipulated nest-building effort in small passerine species show that increasing the costs of nest building in Eastern Phoebes Sayornis phoebe, European Pied Flycatchers Ficedula hypoleuca, and Blue Tit Cyanistes caeruleus has no significant effect on the clutch size (Hauber 2002; Moreno et al. 2008; Mainwaring and Hartley 2016) .
Although the difference in survival probability was not found to be statistically significant between old and new cavities (most likely as a result of a low number of offspring in new cavities), we found that survivorship dropped rapidly around the hatching period, especially in new cavities. The lower hatchability in new cavities than in old cavities suggests that Black Woodpeckers are more constrained with respect to attending to incubation as their energy reserves are reduced at least by the costs of excavation; however, other factors, for example, acquiring insufficient food for the hatchlings in new cavities due to the result of newly formed or inexperienced pairs, may lead to lower survivorship of the hatchlings. Moreno et al. (2010) found that Pied Flycatchers spend a higher proportion of time incubating their eggs when the cost of nest building is lower. These data suggest that nest construction is an energetically expensive activity and has important consequences for the physiological performance of birds.
In Black Woodpecker, the number of fledglings can be best explained by the model with the age of the cavity and the relative laying date. However, our model parameters show that the number of fledglings can be determined primarily by the age of the cavity, which was found to be larger in old than in new cavities. These data confirm earlier suggestions that the costs of nest building are carried over to the subsequent stages of reproduction (Mainwaring and Hartley 2013). For example, in Pied Flycatchers, Moreno et al. (2010) found that energy savings for adults during nest construction are shunted directly to chicks and expressed in higher provisioning at early nestling stages and in improving nestling growth. Nevertheless, our results should be interpreted with caution because we did not directly measure the energy cost required to excavate a cavity; the sample size of new excavations was relatively low compared to other studies, and the proportion of new and old pair-bonds and their consequences for reproduction in both old and new cavities is unknown. Some studies reporting the effect of cavity age on the number of fledglings in Black Woodpeckers did not find any significant differences between old and new cavities. However, in two studies in German beech forests and one study on the German-Denmark border, Black Woodpeckers tended to produce large number of fledglings in old cavities (Lang and Rost 1990b; Lange 1996; Christensen 2006) , whereas in Sweden, there was a reverse tendency (Nilsson et al. 1991) .
The difference in the number of fledglings attaining independence in old and new cavities may also be affected by their different dimensions. Wiebe and Swift (2001) found that crowding, which may be a byproduct of smaller inner dimensions of new cavities, slightly decreased nestling survival in Northern Flickers. We did not find any statistically significant difference between the floor area in new and old cavities in Black Woodpeckers; however, floor area was found to be around 10% smaller in new cavities than in reused cavities, which was close to the reported value for Northern Flickers [14% (Wiebe and Swift 2001) ]. Moreover, we found that the area of the floor and volume of the cavity does not affect the risk of death. Since survivorship remained at the same level throughout the fledging period in old and new cavities, we can conclude that there are no fitness consequences to the relationship between the number of nestlings and the cavity size. In Northern Flickers, clutch size is considerably larger (about eight eggs) and more variable (from four to 11) than in Black Woodpeckers (Wiebe and Swift 2001; Wiebe et al. 2007) . Therefore, more problems are expected due to crowding in woodpecker species with larger clutches and broods. Black Woodpeckers may not always excavate large spaces in new cavities because nest building is an energetically expensive and time-consuming activity. It is likely that the large dimensions of reused cavities in subsequent years are due to their enlargement, renovation, or wood decay.
Conclusion
Our data are consistent with the hypothesis that cavity excavation is energetically expensive for Black Woodpeckers nesting in living beech trees, and support predictions of tradeoffs between nest building and different components of reproduction. We found that reusing cavities offers the advantages of earlier laying, higher hatchability of eggs, and an increased number of fledglings. Contrary to previous studies, we did not find a difference in clutch size between old and new cavities due to its low variation in the population. This is probably the first report demonstrating that energetic costs of nest building in woodpeckers may be carried over into subsequent stages of their reproduction. Although other explanations for the observed effects are possible, including pair-bond duration and experience of the parents, which may affect the dichotomy of reproductive parameters in old and new cavities, previous studies provide little evidence for this in Black Woodpeckers. Our study shows that nest reuse may be adaptive for Black Woodpeckers as it offers time and energy savings needed for cavity excavation, and increases productivity compared to those pairs that are forced into excavating a new cavity. Responsible forest management should consider the necessity to protect beech trees with old cavities, which are frequently used by Black Woodpeckers and some secondary cavity users.
